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A related point to consider when selecting a population roster from which to draw controls is the need to exclude cases who are not on the roster (1). For these cases, the roster does not represent the correct source population. If the roster is not reasonably complete, the number of cases that will need to be excluded may produce a notable loss of sample size and power. On the other hand, failing to exclude these cases may result in selection bias if they differ regarding characteristics predictive of the outcome of interest.
In the present study, we examined the population coverage of a unique population roster, the Massachusetts Resident Lists. To do so, we assessed case inclusion on the Lists for three separate casecontrol studies (2-4) of ovarian cancer conducted in eastern Massachusetts between 1978 and 1996. A question of interest was whether the proportion of the population included on the Resident Lists, as estimated by case inclusion on the Lists, changed over time. In 1971, an eastern Massachusetts case-control study of cancer of the lower urinary tract reported that 96 percent of cases diagnosed in 1967 were included on the Resident Lists (5). Whether coverage had remained this high, and whether it was high for cases with cancers at other sites, was not known.
In addition to estimating the proportion of the population represented on the Resident Lists, we identified demographic, reproductive, and other differences between cases included and not included on the Lists. We then considered the implications of case-control analyses that failed to exclude cases who were not on the Resident Lists when controls were selected from the Lists.
MATERIALS AND METHODS
The Massachusetts Resident Lists are annually published population lists, by town, of all Massachusetts residents aged 17 years or older. Inclusion on the Resident Lists is mandated by state law (Massachusetts General Laws (Chapter 51, sections 4, 6)) and is based on response to a mailing or visit by the town registrar. The information on the Resident Lists varies from town to town but at a minimum includes name and street address. In most towns, date of birth is provided. Many but not all towns include information about occupation.
The case-control studies that generated the three case series included only English-speaking female residents. Cases in the first two studies were identified from 10 major hospitals in the Boston area, and cases in the most recent study were identified through the Massachusetts Cancer Registry. The 215 cases from the first study (2) were White, aged 18-80 years, and diagnosed with epithelial ovarian cancer between November 1978 and September 1981. The 235 cases from the second study (3) were also White but were aged 18-76 years and diagnosed between July 1984 and September 1987. The 407 cases from the third study (4) were aged 18-75 years and diagnosed between January 1992 and February 1996; 95 percent were White. Subject enrollment for the third study continued beyond February 1996, but these subjects were not included in the present analysis.
To determine whether a case was included on the Resident List of a particular town, we reviewed all Lists published within 1 year of the date of the case interview (i.e., the year of the interview, the year before the interview, and the year after the interview) until the case was found or until the third List was checked, whichever occurred first. In a few instances, when a town was too far away to visit easily and Boston-area library collections of Resident Lists were incomplete, we used Lists from only 1 or 2 of the 3 possible years. We were able to obtain some but not all of the missing Lists from towns, and cases were classified by using the Lists available.
Cases were located on the basis of their street addresses. If a case was not found at the given address, and if the List for that town included an alphabetic listing of residents in addition to the primary listing by street address, in some instances we were able to identify cases who had moved to a different address in the same town. We accepted a person at a different address as the case of interest if both the name and date of birth matched.
To assess differences between subjects included and not included on the Resident Lists, we considered those variables common to all three studies: age, place of birth, education, religion, marital status, parity, oral contraceptive use, smoking, body mass index, and family history of breast or ovarian cancer in a firstdegree relative. The association between each of these variables and inclusion on the Lists was assessed with logistic regression by using the SAS statistical software package (6). We calculated both age-and multivariate-adjusted odds ratios and 95 percent confidence intervals for the probability of being included on the Resident Lists. Tests for heterogeneity among the studies were conducted by using the likelihood ratio test.
To evaluate the importance of excluding cases not included on the Resident Lists when selecting controls from the Resident Lists, we considered data from each of the three studies separately. By using a model containing several risk factors for ovarian cancer, such as parity, oral contraceptive use, talc use, and family history of breast or ovarian cancer, we calculated effect estimates before and after exclusion of cases who were not on the Lists. The specific type of model used was consistent with the original analyses from each study; data from the first study were analyzed by using conditional logistic regression, whereas data from the second two studies were analyzed by using unconditional logistic regression. The first two studies drew controls exclusively from the Resident Lists, and the third study selected controls by random digit dialing for cases younger than age 60 years and from the Resident Lists for cases aged 60 years or older. Therefore, for the third study, we restricted our analysis to the 115 cases aged 60 years or older and the 73 Resident List controls.
RESULTS
Five cases from the first series and one from the second were excluded because of missing address information. A total of 21 subjects were excluded because of address problems, including street names not found on the Resident List of the indicated town and post office boxes. The numbers and percentages of subjects with such address problems, from case series 1, 2, and 3, were 7 (3.3 percent), 4 (1.7 percent), and 10 (2.5 percent), respectively. Finally, an additional three subjects, one from the first case series and two from the second, were excluded because no Resident Lists from the necessary years were readily available. After these subjects were excluded, the respective numbers of subjects from the three case series available for analysis were 202, 228, and 397.
The proportions of subjects from each case series found on the Resident Lists, overall and by the level of each predictor considered, are shown in table 1. For each of the three case series, more than 90 percent of the subjects were located on these Lists. Of those subjects not listed, 5 from the first case series, 2 from the second, and 11 from the third were classified on the basis of only one or two available Lists (data not shown). If all of these subjects were located on the remaining unchecked List(s), the maximum percentages of cases that could be included on the Lists were 94.6, 93.0, and 93.0 for case series 1, 2, and 3, respectively. 
Control Selection and the Massachusetts Resident Lists 357
Of the variables considered in table 1, age was associated with inclusion on the Resident Lists in each of the three case series and was statistically significant in case series 3. In case series 3, cases aged 40-59 years were nearly four times more likely to be included on the Lists than were cases younger than age 40 years (95 percent confidence interval (CI): 1.87, 8.48). Cases aged 60 years or older were 4.6 times more likely to be included than were cases younger than age 40 years (95 percent CI: 1.80, 11.51). Place of birth was also significant in case series 3. Cases born outside of Massachusetts were less likely to be included on the Resident Lists than were cases bom in Massachusetts (odds ratio = 0.45, 95 percent CI: 0.23, 0.90).
The effect of marital status appeared to differ between the earliest and the most recent case series. Ever-married cases in case series 1 were less likely to be included on the Resident Lists; in case series 3, they were more likely to be included. The test for heterogeneity between the two studies was statistically significant (p < 0.05). In all three case series, parous women were more likely than nulliparous women to be included on the Resident Lists, although these associations were not significant. There was some suggestion in case series 3 that smokers and ever users of oral contraceptives were less likely to be included, but these associations were not apparent in case series 1 and 2. In a multivariate analysis of all the variables listed in table 1, age and place of birth remained significant in case series 3, and educational level became significant. Those persons with more than a high school education were 2.4 times more likely to be included on the Resident Lists than were those with less education (95 percent CI: 1.09, 5.38) (data not shown).
The effect of failing to exclude from analyses those cases not included on the Resident Lists is shown in table 2. Results for age are not given because age was a matching factor in the first study. In each study, the effect estimates from the model that included all cases were generally similar to those from the model that included only those cases on the Resident Lists.
DISCUSSION
The present study found a high proportion of ovarian cancer cases included on the Massachusetts Resident Lists, suggesting fairly high population coverage by these Lists of women in this age and ethnic group. Furthermore, it is likely that what we observed was an underestimate of the true coverage, since we were not able to check all three potential Lists for all subjects. The extent of population coverage appeared to remain fairly constant across the three time periods studied. Restriction of the study population to ovarian cancer cases was both a strength and a limitation of the present analysis. Selecting a similar population from each of the three time periods was necessary for inferences regarding changes over time in population coverage by the Resident Lists. However, the generalizability of these results may be limited.
When we evaluated differences between cases included and not included on the Resident Lists, significant differences emerged more frequently in case series 3 than in case series 1 or 2. This finding may be due to the larger sample size of case series 3, but it may also reflect changes in the nature of the coverage over time. Given the Lists' high overall coverage, it may not be surprising that failing to exclude cases who were not on the Resident Lists did not notably affect the results of case-control analyses of the three studies. The lack of an effect may be specific to the particular variables in the model and may not be generalizable to studies of other cancers.
The relatively low coverage of women younger than age 40 years in case series 3 may be a cause for concern in case-control studies of young women. The Resident Lists may not adequately represent the source population of these cases. This differential coverage by age is consistent with a previous study of population coverage by the 1980 US Decennial Census (7) . That study noted that younger residents were less likely to be captured by the Census, as were members of several racial or ethnic minorities, the unmarried, and those persons with a low level of income or education. We were unable to assess the basis for the differential coverage by age observed in our study, but higher residential mobility among the young is one potential explanation.
Practical considerations related to use of the Lists include accessibility and the nature of the information they provide. The Resident Lists are public records and therefore are readily accessible. The Lists provide residential address rather than mailing address, and persons who have post office boxes may be difficult to contact by mail. However, in the present analysis, relatively few of the subjects had post office boxes.
The 1971 case-control study cited previously (5) is not the only one to consider case inclusion in population rosters. In a case-control study of bladder cancer that selected controls younger than age 65 years from Iowa driver's license lists, the investigators noted that an analysis restricting cases younger than age 65 years to Iowa driver's license holders produced findings similar to those from the overall study (8) . Of the cases in the study who were aged 40-64 years, 92 percent of the women and 97 percent of the men reported holding Iowa driver's licenses (9) . Furthermore, a comparison of the Iowa driver's license lists with the US Decennial Census suggested that the lists adequately represented residents aged 25-64 years (9) . However, as noted previously, the US Decennial Census is not a perfect gold standard. In a large, multicenter case-control study of colon cancer that enrolled controls from a number of sources, Slattery et al. (10) assessed case inclusion on Health Care Financing Administration lists and driver's license lists. Coverage of various case groups by the Health Care Financing Administration was high, ranging from 94.4 to 96.6 percent. Driver's license lists included between 89.7 and 99 percent of cases, depending on age, sex, and study site.
To conclude, the Massachusetts Resident Lists appear reasonably complete for the segment of the population evaluated. It would be interesting for investigators who are studying other types of cases, particularly those cases who are male or non-White, to conduct a similar analysis to expand our understanding of this and other registries.
